The arachidonic acid (AA) pathway produces several essential proinflammatory eicosanoids. However, in many neurodegenerative diseases, e.g. Alzheimer's disease (AD), this pathway is chronically hyperactivated. In brain, primarily monoacylglycerol lipase (MAGL) hydrolyzes the endocannabinoid 2-arachidonoylglycerol to AA, which is further metabolized to generate many proinflammatory eicosanoids. MAGL inhibition, simultaneously reducing the level of eicosanoids and increasing those of neuroprotective endocannabinoids, has proved efficacious in some AD models, reducing neurotoxic β-amyloid (Aβ) levels and improving memory functions. Here, a MAGL inhibitor, JZL184 was chronically administered (16 mg/kg, i.p., 3 x/wk for 5 mo) for 1 -1.5 mo and 7 -8 mo old transgenic (TG) and wild-type (WT) APP/PS1-21 mice modelling cerebral amyloidosis. According to immunohistochemistry, JZL184 significantly increased the expression levels of cannabinoid receptor 1 in older WT and younger TG and WT mice, decreased cannabinoid receptor 2 and oligomeric Aβ in older and younger TG mice and decreased microglia-specific marker Iba1 in younger TG mice, compared to TG mice treated with vehicle only. However, in the Morris Water Maze test, spatial memory functions improved significantly only in younger TG and WT mice, compared to vehicle-treated littermates. These tentative results suggest 
Introduction
Neuroinflammation plays a prominent role in many nervous system pathologies, contributing to the disease process itself, although there probably are differences in certain features in the mediators of inflammation between these diseases [1] [2] . During the progression of Alzheimer's disease (AD), chronically hyperactivated microglia recruit increased numbers of reactive astrocytes and these cells enhance the inflammatory response, leading to the appearance of one of the typical pathological hallmarks of the disease; extracellular β-amyloid (Aβ) deposits [3] . Reactive astrocytes and microglia begin to proliferate and secrete a wide array of chemokines, inflammatory cytokines and prostaglandins [4] which further stimulate Aβ production and deposition and induce neuronal dysfunction. There is convincing evidence that the unbalanced inflammatory response occurs relatively early, before Aβ plaques are deposited, and furthermore, that the suppression of inflammatory signalling exerts beneficial effects [5] [6] . Despite the recent progress regarding Aβ antibody therapies, these approaches do not yet combat other features of AD related pathology, e.g. chronic inflammatory responses [7] .
The endocannabinoid system is involved in many physiological processes, including cognitive functions, memory and inflammation. This system consists of endogenous signalling lipids i.e. 2-arachidonoylglycerol (2-AG) and N-arachidonoylethanolamine, which bind to and activate cannabinoid receptors CB1 (CB1R) and CB2 (CB2R) [8] . CB1 expression is abundant in the CNS and its activation controls many normal cellular functions while CB2 is expressed in immune cells and in the brain in macrophage-derived microglia, mainly during neuroinflammatory responses and neurodegenerative diseases [9] [10] . Activation of CB1 and CB2 by 2-AG has been shown to act as a protective neuromodulator against an Aβ insult [11] . In addition, activation of CB1/CB 2 receptors by synthetic agonists has been reported to reduce neuroinflammation and inhibit the production of Aβ as well as improving cognition in mouse model of AD [12] .
2-AG is the most abundant endocannabinoid molecule; it has equal activating affinity for both CB1 and CB2 [13] . The inactivation of 2-AG is almost entirely attributable to the serine hydrolase, monoacylglycerol lipase (MAGL), which accounts for 85% of 2-AG hydrolysis [14] . MAGL hydrolyses 2-AG to arachi-World Journal of Neuroscience donic acid (AA) which can then be further metabolised to generate many proinflammatory eicosanoids in the brain, liver and the lung [15] [19], but the route through which this mechanism acts is still not fully understood and requires clarification.
The present study set-up was an extension to the previous studies from the field, where anti-inflammatory and memory-improving effects of JZL184 were observed in another AD mouse model. In our study, the anti-inflammatory effects of long-term JZL184-treatment were tentatively tested in transgenic (TG)
APP/PS1-21 mice during early-and late-stage proinflammatory phases, and observing the effect on spatial memory functions and the level of activated glial cells, oligomeric Aβ burden and CB1R and CB2R activation by immunohistochemistry.
Materials & Methods

Animals and Treatments
The mice were maintained in individual cages under standard conditions (19˚C -21˚C, humidity 50% -60%, lights on at 7 a.m. "Swedish" double mutation and human presenilin-1 carrying L166P mutation with a 3-fold overexpression of human APP over endogenous mouse APP. The transgene is expressed under the control of a neuron-specific mThy-1 promoter element, generated on a C57Bl6 background [20] .
The JZL184 (Cayman Tocris, USA) formulation was prepared in sa- 
Morris Water Maze
Animals were allowed to become accustomed to the test room for 1 h before the actual experiment. EthoVision XT 10 video tracking system (Noldus) was used for tracking and analysing the behavior. The room was dimly lit with indirect white light (app. 50 lux), the test environment was quiet, the visual cues remained unchanged and the observer was not visible to the mouse during the trials. day. The last trial of the last day was the probe trial when there was no platform present. In probe trials, the platform was removed and the animal stayed in the water maze until the maximum trial duration (1 min) was reached. The spatial learning was examined by observing the path length and escape latency.
In the probe trial, time and path length in every quadrant, time in target quadrant and platform crossings were analysed. After the trials, the mice were 
Immunohistochemistry
The brain sample was thawed from −70˚C to −20˚C for 1h before cutting the brain sections with a cryostat microtome. Then, 20 µm thick coronal sections were cut throughout frontal cortex and hippocampal formation into anti-freeze solution and stored at −20˚C until use. Before staining, the sections were washed with 1 × PB pH 7.6, shaken gently for 5 × 30 min at RT, then O/N with slow shaking at +4˚C and finally for 3 × 30 min at RT. The sections were transferred onto glass slides, air dried for 15 min, rehydrated in 1 x phosphate buffered saline (PBS) for 5 min and permeabilized and blocked using 0.05% Tween-20 in PBS (PBST; 3 × 5 min) or 1% BSA and 2% NGS with 0.3% Triton-X in PBS for 1h, followed by incubation with primary antibody, wash with PBST (3 × 5 min, RT), incubation with secondary antibody, air drying and mounting in Vector HardSet fluorescence mounting medium with DAPI (VectaShied, Vector Laboratories).
To detect the level of activated astrocytes and microglia, the sections were incubated with rabbit anti-GFAP pAb (DAKO, 1:600) and rabbit anti-Iba1 pAb (WAKO, 1:600) in 5% NGS in PBST overnight at +4˚C. Furthermore, together with both Iba1 and GFAP staining, double staining with mouse Aβ oligomer-specific mAb, OMAB (Agrisera, 1:700) was performed to determine the level of Aβ oligomers. Secondary antibodies Goat Anti-Rabbit IgG (H + L) Alexa 568 (Molecular Probes, 1:500) and Donkey Anti-Mouse pAb IgG Dylight 488 (Abcam, 1:800) were incubated on the sections for 2 h, RT. To detect the expression level of cannabinoid receptors, the sections were incubated with rabbit anti-cannabinoid receptor I pAb (Abcam, 1:1000) and rabbit CNR2/CB2 pAb, (Bioss, 1:1000) in 5% NGS in PBST overnight at +4˚C. The secondary antibody, Goat Anti-Rabbit IgG (H + L) Alexa 568 (Molecular Probes, 1:600), was incubated on the sections for 2 h, RT.
Images were acquired in a Axiovert 200 M fluorescence microscope with a Zeiss AxioCam MRc ccd camera and Zeiss Axiovision software (Zeiss, Germany) or Pannoramic Midi FL Slide Scanner and software Pannoramic Viewer v.1.15.4 (3DHistech Ltd. Hungary), by taking 3 images/animal from 4 different areas. The areas examined were hippocampus (HC), cortex (CTX), striatum (STR) and whole hemisphere (HP). The quantification was performed using per area (%) method (Image J 1.43 U, Wayne Rasband, NIH, USA). The acquisition of images was performed in a single session, keeping settings constant throughout the quantification procedure. The total number of animals used for immunohistochemical analysis is listed in Table 2 .
Statistics
The results are reported as means ± SD. The data from immunohistochemistry 
Results
Old (age 7 -8 mo) or young (age 1 -1.5 mo) TG APP/PS1-21 mice or their WT littermates were treated with JZL184 (16 mg/kg, i.p.) or vehicle, 3 x /week for 5 mo.
The MWM was performed when the age of the old and young groups reached app. 12 -13 mo and 6 -6.5 mo, respectively. Treatment with MAGL inhibitor JZL184 evoked a positive effect on spatial memory functions in young but not in old TG APP/PS1-21 mice. Thus, 5 mo pre-treatment with JZL184 shortened the escape latency (Figure 1(B) ) and increased significantly the frequency of target area crossings during probe trials in young TG and WT APP/PS1-21 mice (p < 0.01 and p < 0.05, respectively) compared to their vehicle-treated littermates (Figure 1(D) ). In general, the escape latency for TG mouse groups was longer compared to WT mice throughout the trials, but in young JZL184-treated mice, the escape latency decreased rapidly to the level of WT group performance. In old JZL184-treated TG mice, the escape latency improved but was in general, very long, starting from day 1 in comparison with the other groups ( Figure   1(A) ). There was no significant difference in the swimming velocity between groups.
After MWM tests, the mice were sacrificed and the samples for immunohistochemical analysis were collected. According to the results, the level of CB1R in TG mice was generally higher than in WT mice, and in the old mouse group as compared to the young mouse group (Figure 2 
Discussion
Consistent with previous reports in AD animal models concerning long-term JZL184 treatment [16] or genetic inactivation of MAGL [18] , our results showed that JZL184 reduced proinflammatory responses and improved spatial memory.
According to the immunohistochemical analysis, the expression of both CB1R
and CB2R was higher in TG compared to WT mice. MAGL inhibition induced a notable increase in CB1R expression in young TG mice and reduced significantly the level of CB2R expression both in young and old TG mice, when compared to their vehicle-treated littermates. CB2R are typically inflammation-induced, mainly microglia-specific, receptors [24] . Indeed, in our study, MAGL inhibition reduced the microglia-specific, inflammation-related Iba1 both in old, but especially in young TG APP/PS1-21 mice, when compared to vehicle-treated littermates.
Furthermore, the levels of Aβ oligomeric species were simultaneously reduced due to long-term MAGL inhibition. However, despite that the effect of the JZL184 treatment according to histological analysis was significant overall when compared to treatment with vehicle only, the within-group variation in many 
